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Abstract
The near bottom density and velocity fields above the Hatteras
abyssal plain were observed with a current/temperature measuring array

and a towed-yo-yoing profiler. This report describes the array data and

includes details of calibration and data quality. Sources of direction

crror were diagnosed from vane and compass performance and bearing direction.
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Benthic Boundary Layer Experiment
Introduction

The benthic boundary layer is a region adjacent to the ocean bottom
with characteristics distinct from the oceanic interior. Near the bottom
it is turbulent, and the resultant mixing is seen as a bottom layer homo-
geneous in salinity, potential temperature and turbidity. Figure 1 shows
a typical CTD profile. This layer is the benthic analog of the atmos-
pheric boundary layer and may be similar to the oceanic surface mixed
layer.

In a previous study, Armi and Millard (1976) described boundary
layer density profiles taken in the western North Atlantic as part of
the Mid-Ocean Dynamics Experiment (MODE). They found that simple mixed
layers generally occurred over the Hatteras abyssal plain, while irreqgular
structures, commonly with multiple layers, occurred near rough topography.
In a short time series at the edge of the plain they observed a doubling
of the mixed layer height in less than a day. The Hatteras abyssal plain
was chosen for the location of the intensive benthic boundary layer experi-
ment described here both because of the previously observed simple structures
and because the interior flow in this area has been extensively studiced
(cf. Mode Group, 1978; Briscoe, 1975).

This data report is a companion to the paper of Armi and D'Asaro
(1980) and the Ph.D. Thesis of D'Asaro (1980). Armi and D'Asaro (1980)
describe the observed variability. A bottom mixed layer is almost always
present, but varies in height from 5 to 60 meters, with dominant time
scales of several days and longer, and space scales of 10 km and larger.
Multiple mixed layers and benthic fronts are seen. D'Asaro (1980) dis-
cusses the velocity observations in more detail. High frequency
velocity fluctuations appear to be due to bottom generated turbulence.

The turbulence, so measured, intermittently fills the entire mixed layer.

Near-inertial velocity fluctuations are used to compute the flux of

internal wave energy into the mixed layer.
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Description of the Experiment
This experiment was designed to measure the density and velocity
structure in both space and time near the ocean bottom. A 3-month time
series, May 18, 1977 to August 18, 1977, of velocity and temperature was
measured by two bottom moorings (Figure 2) deployed near 28°30'N, 70°30'W

Ly the Moored Array Project of the Woods Hole Oceanographic Institution

(WHOI). The Hatteras abyssal plain is extremely flat with a slope of
only 20 cm/km over hundreds of kilometers (Bush, 1976). Mooring A

(WHOI 621) contained vector-averaging current meters spaced so as to

span the mixed layers seen by Armi and Millard (1976). Note that instru-
ments 1 and 2 are separated by 20 m, while the other instruments are
scparated by 10 m. Each instrument recorded vector average velocity and

average temperature every 7 1/2 minutes. In addition, the bottom six

instruments measured the average differential temperature between the
top and the bottom of the instrument case (1.74 m), as described by Decan

(1979). Mooring B (WHOI 622), 4.3 km to the east, contained a single ;

vector-averaging current meter measuring average velocity and temperature .

cvery 7 1/2 minutes. A summary of moorings is provided in Table 1.
Three spatial surveys of the boundary layer were made, using a

towed CTD package. The first was made on cruise KNORR 66 and the second

two on cruise OCFANUS 31. Moorings Aand B and a third bottom-moored

beacon, €, formed an acoustic navigation net (Phillips et al., 1979).

By uslng acoustic navigation the ship and an instrument package could

bre located to within 10 m with respect to the moorings. Loran C was

also used and provided navigational data outside the acoustic range. ;
A photograph of the instrument package and a preliminary description §

of thesce experimental results can be found in the paper by Armi (1978).

A Neil Brown conductivity, temperature and depth profiler (CTD); a nephel=~

smeter built at the Woods Hole Oceanographic Institution; a General Oceanics

rosette water sampler; an acoustic transponder (AMF acoustic release);

and a Benthos pinger were enclosed in a protective frame which was lowered




from the ship. The bottom pinger and a precision depth recorder were
used to bring the instruments to within 2 m of the bottom. Actual bottom
pressure was determined by occasionally setting the instrument packaqge
gently on the bottom. The bottom pressure was always 5555 dbar. The CTD

and nephelometer data were available in real time on the ship.

P e gy

oy T P




Data Processing

Current Meters

The data from the instrument tapes were transcribed to 9-track
magnetic tapes, converted to scientific units, edited to remove launch
and retrieval transients and bad points, and linearly interpolated across
missing or erroneous data cycles. See the section on VACM calibration
for details of further modification of temperature data.

WHOI data are identified by a mooring number and a sequential
instrument number (e.g. 6223 is the third instrument down on mooring 622).

A letter indicating an edited version, and a number indicating the i

sampling or averaging interval are appended (e.g. 6223A450 is an edited ]
data series with a data point every 450 seconds). *
Low passed versions of data series were formed for use in the stick )

plots and progressive vector plots. The data were passed through a
Gaussian filter with a 24 hour halfwidth, and then subsampled once per day.
Such data have 1DG24 appended to the data name.

Vector Stick Plots

The 24-hour averaged current components are plotted as individual
vectors along a time scale. The vector orientation is such that cast is
upwards on the page in Figure 3. (North is upwards in Figures 6 and 7.)
npectra

The horizontal kinetic energy (HKE) and temperature are displayed as
Sspoctra in Figure 4. Spectra for all 7 instruments on mooring A are
shown. The spectral line for the thermistor on instrument 7 is not
shown below 1 cph as it was an internal thermistor, unlike the other six. 1

The HKFE spectrum is half of the sum of the spectra of the east and north

~ompornenits. It has the advantage of not being tied to a particular
coordinate system.,
The spectra are all one-sided, i.e., the area under the spectrum

v evqual to the variance of the original record. The plots are all
log=1log henove are not 'variance preserving' i.e., the contributions 3

ot varcoas troequency bands to the total variance are not in proportion

Lot Adlsilayed areas.




TIMSAN, the WHOI program (Hunt, 1977) used to produce the spectra

breaks the data series into 50% overlapped pieces, computes the Hannod
periodogram of each piece, and averages these. The plotted spectra arc ‘
the average of 38 pieces with 600 points per piece. The spectra are
additionally averaged in increasing groups at the higher frequencics
to prevent having to plot thousands of points; this gives few dearces
of freedom (d.o.f.) at the lowest frequencies, many at the highest
frequencies. The 95% confidence limits are shown on one of the plots.

Statistics

‘ Statistics for variables measured by the current meters are presented
in Table 2. The temperature values for mooring 621 reflect the offsets ;‘
3 from Table 3; the values for mooring 622 do not. Mean, standard ecrror, ‘
varilance, kurtosis, skewness and extrema are given for all the variables, ‘i
east and north covariance, correlation and other statistics are given
for the vectors. For reference, note that a Gaussian random variable
would have a kurtosis of 3 and a skewness of zero.
See volume XVII (POLYMODE Array II) of this series for a more
detailed discussion of these parameters.

Progressive Vector Plots

Based on a daily averaged time series, the current vectors arc 4
pilaced tail-to-head so as to show the path that a perfect particle in
a perfectly homogeneous fluid would have traveled. Flow regimes and low
fregquency behavior show up well on this type of plot. The plot in

Figure 5 begins with an asterisk, every other day boundary is marked

with a tick and every fourth day is annotated.

Composite Plots
composite plots of velocity and potential temperature data from

mooring A (mooring 621) are shown in Figure 6a-e. Panels 1 and 2 (top

two paaecle) show north and east velocity components, vector averaged and )
recorded covery 7 1/2 minutes. The zero for each instrument is offset as
L indicated.  Rotor stalls are shown as horizontal lines at zero velocity.

Pancl 3 shows l-day mean vector velocities from each instrument plotted daily.

The origin of the vector gives central time and height off bottom. Data
at 7% m are interpolated from adjacent instruments. Panel 4 shows

differential temperature (difference in temperature between the top and




the bottom of the 1.74-m instrument case) for instruments 2-7. Flat

traces correspond to no differential temperature (i.e., the instrument
is in a mixed layer). The plot for each instrument is offset vertically,
corresponding to its height off bottom as indicated on the left-hand
scale. Panel 5 shows 5 m°C time/height isotherms of potential temperature
linearly interpolated for each data cycle. No isotherms are plotted
below the bottom instrument (15 m off bottom). The peculiar step struc-
ture on May 22, for example, results from linear interpolation. Panel 6
shows potential temperature/time plots for all seven instruments. Since
potential temperature increases upward, the top trace corresponds to the
top instrument, and the bottom trace to the bottom instrument. Mixed
layers are shown by merging of adjacent potential temperature lines.
Times and duration of CTD stations are shown above the bottom time axis.
K indicates KNORR 66 stations; others are OCEANUS 31 stations.

A similar composite is shown for mooring B (mooring 622) in

Fiqurc 7a-e¢. Panels for differential temperature and height isotherms

do not apply to this single instrument.




VACM Calibration and Data Quality

Temperature

The measured VACM temperature variations have a precision of botter
than a millidegree (¥ 1 m°C). The absolute temperature calibratio:s,
however, have an accuracy of about 5-10 millidegrees (Payne, et al.,

1976). The VACM temperatures have been calibrated in situ as follows:

CTD measurements of the bottom mixed layer reveal it to be almost always
homogeneous in potential temperature to within a millideqree. Whenever

a given instrument showed a constant differential temperature it was ascurme
to be in a mixed layer. Whenever two adjacent instruments were in a mixed
layer they were assumed to be measuring the same potential temperaturc.

Over a period of 3~4 years VACM 5 has had a low temperature calibration
drift of 1 m°C/yr (R. Payne, personal communication); the temperature
measured by VACM 5 was used as a reference. For example, on 30 July
instruments 5, 6 and 7 were in a mixed layer; thus the temperatures of

7 and 6 were shifted until they agreed with 5. In addition, instrument
pairs that showed temperature inversions greater than .5 m°C for longer

than 40 minutes were shifted to remove the inversion. There were suf-
ficient mixed layers, some detached from the bottom, to provide a consistent
potential temperature calibration for all the VACMs on mooring 621. For

the deeper instruments enough mixed layers were present to determine both

an offset and a linear drift. The offsets used at the beginning and the

end of the experiment are shown in Table 3.

Sceveral CTD stations were made within 50 meters of mooring 621; these
stations were used to fix the VACM tempecratures with respect to the CTD
potential temperatures. For the upper instruments, the CTD stations
were also used in the relative temperature calibration. The final VACM
potential temperatures are 1 m°C colder than the CTD potential temperatures
for the first CTD survey, and 1 m°C warmer for the second and third. The
potential temperature from the 7 VACMs of mooring 621 and the 2 CTDs should
be consistent with each other to within 2 m°C.
velocity

The VACM measures current speed with a Savonius rotor. After i
recovery of the instruments on mooring 621, they were individually cali-
brated in the W.H.0.I. flume as described in Appendix A. The new values

of a = 39.44, b = 1.3 were used to decode the velocities for all of the

instruments. )




The VACM measures current direction with a nearly neutrally buoyant

vine. Vane angle, the orientation of this vane relative to the instrument

case and compass anyle, the orientation of the instrument case relative

tu north are each digitized to the nearest 2.8° and summed to form the

instantaneous current direction, bearing angle. Every 450 seconds the

vector average north and east components of velocity, and the latest
vilues of vane angle and compass angle, are recorded.

All 8 VACM instruments used in this experiment performed well,
giving complete records of velocity and temperature, with no obvious
recording errors. Some measured direction errors and resultant velocity
errors were discovered and are discussed below.

Dlrection error

The third panel of figure 6 shows l-day mean velocity vector for
cach instrument as a function of time. A persistent shear is seen between
the instruments at 45 and 55 m from early June to mid-July. Figure 8
displays the same data with the mean velocity, obtained by averaging all
the instruments at each time, subtracted and the coordinate system rotated
so that the mean velocity is horizontal pointing right. The velocities
measured at 45 m and 85 m are seen to have a persistent bias to the right
of the mean; those at 55 m and 65 m are biased to the left of the mean.
The observed biases are equivalent to roughly 10° differences in the
measured current direction between instruments. The pattern persists
for roughly 40 days, with no corresponding feature in the observed tem-
peratures (bottom panel of figure 6); the pattern then abruptly dis-
appears on July 20.

Figure 9 plots the orientation of mooring 621 in mid-July, as
measured by the compasses in each of the top 4 instruments. The mooring
is relatively steady except for two rapid rotations occurring at about
0000 and 2000 on July 19, the same day that the persistent shears described
above disappear. This is strong evidence that these shears are due to
an error in the VACM measurement of current direction.

The vane and compass angle records are examined below. None of the
crrors found appear sufficient to explain the observed error in direction.
The measured VACM directions must therefore be assumed to have systematic
and time variable direction errors of unknown origin and magnitude up to 5°.

These errors may also be present in other VACM data.




Vane performance

Vane performance was good, except for instrument 6213 in which a
slight stickiness developed in the vane. This stickiness can be seon in
several diaygnostic tests.

Figure 10 shows the vane angle as a function of time for all instru-
ments at the start, May 18, and end, August 18, of the experiment.
Instrument o.'13 looks similar to the other vanes at the start of the
cxperiment, but by the end of the experiment shows much less variation,
presumably due to a slight mechanical binding in the vane bearings. The
vane record for instrument 6213 tends to remain fixed for several data

cycles. A usef:l measure of this tendency is stickiness S defined by

51 = number of samples with no change
from previous sample in a given

interval for instrument i

In this experiment in which several instruments are moored nearby, a more

useful related statistic 1s the relative stickiness Ri

S. - S

0|

where S is the average of Si over all the instruments. If Ri >0
the ith instrument is stickier than the average; if Ri < 0 it 1is less
sticky. Table 4 gives Ri averaged over 10 day intervals for each
instrument. Instrument 6213 stands out as abnormally sticky starting

in mid-June.

COTﬂPaSS performance

The compasses in this experiment generally performed well. Labor-
atory tests, however indicated that the compass on instrument 6214 was
somewhat sticky. Onc of the standard precruise VACM compass checkout tests
is to deflect the compass ncedle with a small magnet, remove the magnet
and then allow the compass to come to rest. This test is repeated and

the variability of the final compass position is observed. TIf this

variability is large the compass bearings may be abnormally sticky.




Table 5 tabulates the results of this test for each of the mooring 621
instruments, through sceveral checkout tests.  For each set of tests the
number of times the compass stopped 0, 1, 2, 3, 4 and 5 bits away from
the mean position is tabulated. Generally the compass stops within 1 bit
of the mean. Some instruments, for example, 6212 have compasses which
return repeatedly to the same position within one bit. Instrument 6214,
however, shows deviations up to 5 bits in a pre-cruise test, and up to

2 bilts in post-cruise tests. It is tempting to attribute the direction
difference found in instrument 6214 to this sticky compass. However
iastrument 6211, which gives a similar direction to 6214, has one of the
least sticky compasses according to the laboratory tests. Compass
stickiness, as well as it can be measured, does not appear to account
for the observed direction error.

Bearing-Direction

A useful diagnostic time series is the difference between bearing,
the instantaneous current direction recorded every 450 seconds, and
direction, the vector mean current direction averaged over 450 seconds.
Bearing-direction is plotted in Figure 11 for 3 selected intervals, along
with the speed from instrument 6211.

At the start of the record, Figure 1lla, bearing-direction shows a
fairly uniform jitter of about 1.5°, which is quite small for the difference
of two time series digitized to 2.8°. Bearing and direction are seen to
agree well. At the end of the record, Figure llc, bearing-direction for
instrument 6213 shows a much larger deviation, and a lack of high freauencies.
This can be attributed to the sticky vane in 6213, which, although its
affect may be partially averaged out in east and north, shows up strongly
here in the difference between the averaged and unaveraged current orientation.

Figure 11lb shows bearing-direction during a period of high speed.
The variance of the time series is seen to increase when the current speed is
greater than 13 cm/s. This suggests that additional noise is being
introduced into the vane motion, at these speeds. possibly due to mooring

motion. Ruddick (1977) finds a similar behavior.

10




The end of Figure lla and the beginning of Figure llc are periods
i of low speed. Bearing-direction is seen to be highly variable during
this time. This may be due either to poor vane response at low speed

or a large high frequency variance in actual current direction in the

absence of mean currents. Note that when the rotor is stalled, direction
is not defined and bearing-direction is plotted as zero.
Bearing-direction for instrument 6215 shows a large spike on i

August 17. This is due to a wild value of vane at this time. 1
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Mooring Locations and Durations

Table 1

Mooring #

Date Set (1977)
(Cruise KNORR 66)

Date Retrieved (1977)
(Cruise OCEANUS 31)

Location deg. min N
deg. min W

Bottom Depth (m)

Float Depth (m)

621 622
17 May 18 May
18 Aug 18 Aug
28 31.0 28 31.0
70 28.5 70 24.8

5453 5453
5328 5403

Moored Instrument Data Summary

(93 days of data,

Record #

! 6211
6212
6213
n214
6215
6216
6217

6221

Depth

5368
5388
5398
5408
5418
5428
5438

5418

from May 18-Aug 18 1977)

(m) Height
above bottom
(m)

85
65
55
45
35
25
15

35

14
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—==~——FEAST & NURTH====——=- % % & & K &k & ok k % Kk k & % K K x *
CNVARTIANCFE = 64.6006 &

CCRR, CUFF, = e29T7—1x%

ORTENTATION = 86.859 *

MA JAX = 53.344 *

MINAX = 40.799% *

L B = «235 *

R T T L Y T R I I T I

EREERIER GRS R AERR AR B RR RR AT RE AR RER B R R R R AR E Rk A hk a R R AT Kk #
% 6212R45C *% 17761 PNINTS FROM 77~ v -18 TG 77-VIII-18
INST., DT-5104 UEPTH 5388 M. UNTTS = MM/S + DEGKFEES CELSIUS

VARTABLF --—=--- EAST —-=-—-—- NORTH ———=-- SPEEN ---- TEMPERATURF
MF AN = 42.491 3.758 73.039 2. 171
STD.FRR, = «398 « 319 « 249 «l49r -3
VARTANCF =  2809.1484 1803.403 1097.477 « 3910 -3
KURTOSIS = 2,591 2.351 2.604 2+339
SKEWNESS . = -ela? -.157 <451 877 -1
MINTMUM = -108.435 -111.090 20.000 2.126
MAX IMUM = 171.272 116.111 176.827 2.231
————— EAST & NORTHe-=wee=— % & % % % & & % % % % % & & % & * % *
COVARTANCE = 307,271 *®

CORR. CUFF. = «137 #

ORIENTATICN = 14.287 *

MAJAX = 53.811 *

MINAX = 4l.436 *

FLLIP = «230 *

e e AT ARk DA AR R AR CRE R kG h Rk kh ok Ak kxS ke kA Rk Ak hhk bk ko Ak & k%
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Table 2b

Aok 2o o AR o ook ook ok ook R ok ok R ok ok 3 ok o ok ok ok ok ok ol o B ok 2o e e ke o e ok o e e

% 621383450 #% 17761 POINTS FRUM T~ v -18 TC T7-vIill-1:
INST. DT=5117T DEPIH 598 M, UNITS = MM/S y UEGREES CrUSTUS
VARTABLE --——--- FAST ~=m=w-- NORTH === SPEED) —=== TU{4AP=RAT UK
ME AN = 41l.464 3.193 12,2138 2e 1t
STh r RV, = e 387 « 318 «233 elbs -3
VAFTANCE = £665.342 17G6l.616 968,028 «4l0 -3
KURTNASTS = 2.729 2330 2.722 dell)

Sk wNESS = -e322 -el08 41 - 1337 -1}
MINIMUM = =114.371 -108.820 20.000 2.114
MAXTMUM = 168,011 119.535 176.814 7623
————— FAST & NORTH-~=~=——=—== % % % & % % % % ¥ & = % % & % % & x i
COVAR TANCH = 2664713 *

CORR, C{FFe = o122 ¥

DRIFNTATION = 142917 *

MAJAX = 52+ 340 *

MINEX = 4le43c *

FLL P = « 209 *

(3 X3S EREREREEEESSREEEEES LT ESELR S LEEEEREEERREEEEEEEE 2R -EE TR R

BRI RS R AL PR R AR R Rk A AR AR A DR Bk ok kD E Rt
e (2148 45C wx L7761 POIMTS FRUOM T7- V =18 TC 77-vIill-leo
INeTe DT-5116 DEPTH 5408 M, UNITS = MM/S v DEGRYES CHUST U

VARTABLE ------- EAST -—----~ NORTH =-—-- SPEED —-=-- TEMAFTRATUR?
MF AN = 43.690 -2.406 73.656 24155
3TD.FRR. = «405 «335 « 244 el -3
VARTANCE = 2913.7%2 1654.458 1057.607 e 4854 -3
CURTNSTS = 24571 2.333 2.623 letitl
SKFANESS = ~elJc e 692t-1 « 3176 e4u3: -1
MIN[MUM = -1u%9%.407 -103.708 20.000 20110
MAX [MUM = 174.100 114.886 177.334 N
————— EAST & NORTH=—====== X% % % % = % % % % % % &% ¥ % % ¥ % = =
CuUVARTANCHE = 134,275 *

CCRRe Cl'EF S = sOL20~1%

WIENTAT ITON = 83.931 *

MAJAX = 54.11C *

MINAX = 40.501 *®

L re = «25¢ *

A SRS Ak A R R K KRR AT KRR X B R ARG SR A X bk ok d




Table 2c

MR A AT IR BRI R EE R KR ARG G R A AR AR AR AR AR KX ARG B U P T g s &

¥* §215845C % 17761 POINTS FROM 77- v -128 TC 77-vIl!-1!-
INST. DT-5114 UEPTH 5418 M. UNITS = MM/S » DEGHEES CHLSTUS
VARTAPLE -~------ EAST —-~———- NORTH —-—-——- SPEED —==—= TPApERATUnS
ME AN = 43.981 2o 176 75923 2elab
STDeERR, = «4l5 « 324 « 247 17y -3
VARTANCE = 3051.954 185%.569 1u81.718 e 513 -3
KURTOSIS = 2.517117 2.186 2.535 1.555
SKEWNESS = -«3J06 -«159 «233 e392
MINIMUM = -11l1l.376 ~-103.736 20.000 2elUb
MAX I MUM = l65.511 106.814 178.058 2.2¢1
----- EAST & NURTH====——== % % % % % % % % % % % % % & % & % % =
COVARIANCE = 214.737 *®

COCRR., CrEF. = «115 *

DRTENTAT ION = 17.621 *

MAJAX = 55.1787 *

MINAX = 42.4l% *

cLLIP = « 24V ®

Sl e B R % ok ok ok o el o o e Ao ol ol o o ool o ok ol e g ok o ok ok ok Rk o o o e o e

SHERA D REAR SRR ARk Rk kKRR Rk kR AR Rk R R Rk KRRk o ok ok R Ak K

=t 6215845C =% 17761 POINTS FROM 77~ VvV -18 TC 77-vIlI-14
I%STe DT=-5109 OJEPTH 5428 M. UNITS = MM/S s+ DEGFEES CieLSIUS
VARTABLE --~-ee- EAST -—=--- NORTH —-——-- SPFED -=--- TEMPEFATURE
ME AN = 41.357 «61035-1 71.674 2el33
STDLFRRS. = «3497 « 302 .237 «l49° -3
VARTANCE = 2832.610 L620.480 99¢.3C9 e 393t -3
KURTOSTS = 2.628 24232 2526 2.156
SKFWNESS = -e2178 -«.191 «272 « 390
MINIMUM = -1l12.688 -101.498 20.000 2+ 104

MA X TMUM = 161l.847 974984 ’ 170.396 2.183
————— FAST & NUKTHe—=====— % % &% % & % % % % % % % % & % % % % *
COVARIANCE = 142.253 *

CNRR, CCOEF, = «66TF-1%

ARIVNTATION = 83.235 *

MAJAX = 53.U99 *

MINA = 40.045 *

“LL1IpP = « 2406 *

otk e o ik o Ak o o o o o e ol sl ok ek e ok ol ke Kok o o e o ol ok sl e e ok e ok o e ol e e ol o o o ol o o ke o o o e

17

I T SAPTA i




Table 24

AARG XA ER SRR RE R R AR R R AR R R A R o ok B R e KR R X R Rk 2

¥ 6217845C *% 17761 POINTS FROM 77— v -18 TC 77-VIli-l8
INST. NT-5108 OEPTH 5438 M, UNITS = MM/S » DEGFEES CELSIU:
VARTABLE ~-—--—~ EAST ——-—--- NORTH —=-—~ SPeED —--—-- TEMPERATURE
MEAN = 42.116 3.290 71.810 le 126
STDFRN ., = «390 « 301 <229 <114 ~3
VARTANCE = 26984332 16G8.297 934.595 «232'. -3
KURTOSIS = 2.415 2.159 2350 3.G45
SKEWNESS = -.282 -. 124 «253 lel77
MINTMy™M = -102.166 -93.82¢ 20,000 2e10Y
MAXTMUM = 165.319 1C4. 946 176.4350 24179
----- EAST & NORTH-=—=—=—=—== % % % % % % & % & % % % % % % & % % %
COVARIANCFE = 189.519 %

CORR, COEF, = «910E-1%

ORIENTATICN = 80.413 *

MAJAX = 52.453 *

MINAX = 37).702 *

TLLle = «c40 ®

Rk Ak Wk ol ek gk gk ok Tk e o ok e o o o ok o ool e otk ok e ok ok o ok ook ok o X R 8K Rk R e X R ok X

AR LA R R R R R R R R R IR L Ly L R R g B R o R g o R A VA A

& 62217450 ®& 17733 POINTS EROM 77— vV =18 TC 77-vIlli-14
INST, Vv-0183 CEPTH 5418 M, EINTTS = MM/S ¢y DEGHIES roLSTyc
VARTABLF —-eee—o cAST ~=-w-- NIRTH ===-=- SPEEN ==w-= TTUMPELATYNT
ME AN = 43.526 -6.1%6 76.569 2.135%
STN.FRO, = 415 . 328 « 243 o179 -3
VAITANCF = 3057.363 1911.701 1049.254 e 56T =3
CURTNSI< = 2.526 1.358 2.458 454479
SCEWNFESS = -6 332 -.135 179 Qe 84,
MINTMyV = =117.7217 -1156.311 20.000 20004
MAX T Mym = l66.817 98.421 176.522 Cet
————— EAST & NORTH=—===—==ec & % % # % & % % & # % % % & £ #% % %
CIVARTIANCFE = 232.487 *®

COPR, CNEF, = «962F-1%

TRIFNTATINN = 73.953 *

MAJAX = 55.7J2 o

MINAX = 43,203 *

L ip = «224 *

R Y L I I T T,

L
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Table 3

Offsets applied to VACM temperatures m°C

Instrument Start End
6217 -.4 -1.2
6216 6.7 ~1.7
6215 reference instrument
6214 13.8 13.8
6213 9.6 5.6
6212 11.5 7.5
6211 23.2 19.2
6221 +11.8 11.8

.5338°C subtracted to form potential temperature compatible with CTD.
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Table 4

Vane Stickiness

10 day period

ending 1200 Relative Stickiness

6211 6212 6213 6214 6215 6216 6217

. 5/28 -.27 .06 .11 .13 .00 .03 -.07
6/7 -.22 .16 .03 -.02 .03 .00 .01
6/17 -.13 .15 .14 .06 .0l -.08 -.16
6/27 -.02 .06 .31 .03 .11 -.21 -.27
777 -.09 -.02 [Je0 | -.07 -.02 -.15 -.26
7/17 -.19 ~.06 :.54 E .02 -.03 -.07 -.02
7/27 -.35 -.07 i .64 -.03 -.03 -.01 .14
H/6 -.37 .18 } .68 i -.03 -.11 -.09 -.206
H/16 -.26 .01 { .53 21 -.19 -.11 -.19

Average Stickiness (s) % 900

20
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(Instrument

I.D., Compass)

Table 5

Deviation of compass from mean (bits)

Data name Date 0 1 2 3 4 5

6211 (0325, 271) 12/10/76 4 1 0 0 0 0

6212 (5104, 136) 1/26/77 6 0 0 0 0 0
1/30/78 5 0 0] 0 0 0

6213 (5117, 147) 1/ 5/77 3 2 0 0 0 0
2/27/78 3 2 0 0 0 0
1/ 8/79 3 2 0 0 0 0

6214 (5116, 59) 5/14/76 2 0 0 0 1 1
3/ 8/78 3 1 1 0 0 0
1/ 8/79 3 2 1 0 0 0

6215 (5114, 135) 4/ 5/78 2 2 1

6216 (5109, 139) 1/17/77 6 0 0 0] 0 0
3/10/78 5 0 0] 0 0 0

6217 (5108, 244) 1/19/77 4 1 0 0 0 0
3/ 1/78 3 2 0 0 0 0

21
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Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

[Wa

9

10

11

Figure Captions

Profiles of potential temperaturc, salinity and nephels
(turbidity) from the first downtrace of OCEANUS 31, station 3#.
Diagram of Moorings 621 and 622.

Time series of filtered current vectors.

Horizontal kinetic energy spectra and temperature Spectra

from the seven instruments on Mooring A.

Progressive vector diagram for filtered daily averaged current
data.

Composite plots of velocity and potential temperature data
from Mooring A.

Composite plots of velocity and temperature data from

Mooring B.

l-day differential velocity. Each arrow is the vector dif-
ference between the 1 day mean velocity for a given instrument
and the average of this velocity over all instruments for the
same time period. Each arrow is rotated so that this vertical
average velocity points horizontally and to the right. The
height of each arrow indicates the height of the instrument
off the bottom (left hand axis). 1Its position on the bottom
axis indicates the central time of the 1 day average. A
synthetic instrument has been inserted at 75 m by linear
interpolation.

Compass records from top 4 instruments showing rapid mooring
motion on July 19 and 20.

Vane records for all instruments at a) beginning and b) end
of experiment.

Bearing minus direction records for all instruments for 3

periods. (Upper panels) and speed from 6211 during same periods.

Bearing minus direction is a sensitive indicator of directional
noise. Notice higher variance when speed is low a) and «¢);

when specd exceeds a threshold b), and in 6213 in c¢).
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PRESSURE db

Figure 1
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RADIO FLOAT
HEIGHT ABOVE
VACH | BOTTOM
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Figure 4a
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Figure 6c
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Figure 6d
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Figure 7a
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Appendix A

Oﬁce Memorgndz;m e WOODS HOLE OCEANOGRAPHIC INSTITUTION

3 1
TO :Larry Armi, Dick Payne pATR: APril 7, 1978

FROM jorry Dean

SUBJECT 'yACM Rotor Low Speed Calibrations, Station 621 BBL DT-VACMs

Rotor calibrations at speeds between 0 and 10 cm/sec have been
done and the instruments returned to the CM shop for JASIN prep.

We ran two calibrations for each instrument, one with a cage gap
between posts leading into the flow, and one with a cage post leading
into the flow. Each curve shown in the figures and tabulated is a linear
regression fit to at least 7 points, and each point is the average of
at least 5 readings at each speed. The attached figures show the spread
of data. Typically, the post leading data lies on the high side of the
mean at threshold and the gap leading the low side of the mean threshold.

The mean threshold is 0.7 cm/sec lower than the expression we
now use in data reduction with the exception of DT-5114 which falls on
our presently used calibration.

At 10 cm/sec the mean of these calibrations falls on our present
curve at 1.77 rotor counts/sec. Therefore, I would recommend for your

special calibrations you use

1.30 cm/sec

Intercept b

39.44 cm/rev

fl

Slope a

for all data below 1.77 counts/sec except for DT-5114, for which you
should use the present Buoy Group calibration.
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Intercept Slope Counts/sec @ 10 c¢/s Correlation

UE-VACH. b(c/s) a(en/rev)
5104, post 1.34 37.53 1.85 .991
5104, gap 1.16 38.63 1.83 998
5108, post 1.53 39.31 1.72 .999
5108, gap 1.31 40.6 1.71 999

‘ 5109, post 1.44 39.48 1.74 .993
5109, gap 1.14 41.14 1.72 .999
.114, post 2.23 35.76 1.74 .992
5114, gap 1.84 39.12 1.66 .997
5116, post 1.45 38.56 1.77 .994
S, gap 1.17 38.80 1.82 . 999
5117, post 1.36 39.39 1.76 . 995
5117, gap 1.35 37.58 1.84 .997
Mean

) (e:xcept 5114) 1.30 39.44 1.77
standard dev(s) 0.15 1.23

!

;

! 44




N —w

MANDATORY DISTRIBUTION LIST

FOR UNCLASSIFIED TECHNICAL REPORTS, REPRINTS, AND FINAL REPORTS

PUBLISHED BY OCEANOGRAPHIC CONTRACTORS

OF THE OCEAN SCIENCE AND TECHNOLOGY DIVISION

OF THE OFFICE OF NAVAL RESEARCH
(REVISED NOVEMBER 1978)
Deputy Under Secretary of Defense

(Research and Advanced Technology)
Military Assistant for Environmental Science

Room 3D129
Washington, D.C. 2030]

O0ffice of Naval Research
800 North Quincy Street
Arlington, VA 22217
ATTN: Code 483

ATTN: Code 460

ATTN: 1028

CDR J. C. Harlett, (USN)
ONR Representative

Woods Hole QOceanographic Inst.

Woods Hole, MA 02543

Commanding Officer

Naval Research Laboratory
Washington, D.C. 20375
ATTN: Library, Code 2627

Defense Documentation Center

Cameron Station

Alexandria, VA 22314

ATTN: DCA

Commander

Naval Oceanographic Office

NSTL Station

Bay St. Louis, MS 39522

ATTN: Code 8100
ATTN: Code 6000
ATTN: Code 3300

NODC/NOAA
Code D781
Wisconsin Avenue, N.W.

20235

Washington, D.C.




Se P4R3 iy,
o
1 R
T A $91

3 Tuesy g 'y

¥ ‘43dusdg -

LV
51U wRadg Ty

QILISSYTING S| D403 SpuL

00v-€80 UN '{£.0-3-9L-¥(00ON A

06(18-9( 130 AL
IR RS §1
‘3 'odesy,g Cqy

‘¥ ‘ddduads 1
43he7 Mivpunog dpyiuag g
NN urIdQ

SIUB4Nd ueadp |

ST e—.

Sk a4

TWOLIReD BUIARIQ D8 31 ub wai it
SSRAWO3 PUR IuRA W04 paLOube,p @.:.x PREPE RS F

PRI
$0 $ATunig JLBAD B3ep pu uuylesg. ey N
SN o} puv n‘mp .utu Hl SIGIAINAD TL0lds ., s,

-040 Bujof-ch-pIncY © pue Aedue Buyitsean aut;
F3uddaNY @ udyM DIAIASTC A Ui d 195573 spud
AA0AR SPiasy K103 pue f1uSLap 05305

307

ey
FLE PIET

2.

T00P-€RC WN ‘(6:i0-2
“PLOGCN 3IR43u0) L3pun LDUR333y {040y ,0 adi,, ¢;
404 PUR SE1.8-9L 320 IURJD 40pun SB(1R7uN2y Adld.d)

LRUOLIRN 34) 4T, paurdaud 146 Auer. e,
Ty T pue ‘Jslsy,q "3 ‘4304375 Ty Ay
JOLMISRIL OV INIRARD Shiv Yy )
IHL NO INJaladald wiavl amvinhiis -

2L
uoINILISUL Jyudeaboueady 2,0

TUORIdAu1p BuiiRaq pue adurwioylad

SSQdWOD pul JURA woJ} pascubeLp 3uaMm JDuL3 UOLITALD

30 5324005 “AlL{erb PIRp PuP LILIRIQLIRD 40 S{1013D

S3PN(OU} pue o380 ARude 3y} $3QL4ISIP J4CIA Stup 4| ij

-04d 5u10K-04-DIM0T © pue ARuuP BULINSPIW un3e.adud)

JIUBILND ¢ Y1}M DIALISQO IuaM uie(d (essAqe seudiled 3yl
3A0QR SP13Ly A1130(3A pue AILSL3P WO3II0Q 4Ry Ay,

“00y-£80 YN 1¢610-3-9¢
“P 000N 33043U00 43pur YD4R2SIY (PARY ,0 331430 Aui
404 PUZ 06118~3¢ 130 IuRAD 2IPUP uOLIPPUNLY AuILTT
(LI TR LI T ..3 padedaig (35! CE{;S ‘saleq &p
THAY TY puR "04RSY,G "3 "J43dudTS 'y £Q SNGILYAYIEED
UNLVYIINIL ONY INTHIND  INIYTD OYSSAGY SYRILivA
JHL MO INIWIYIAXD YIAYT AEYCHA0H J{HINGE ML

24-18-10um™
UOLINILISUL I1udesb0uP3l 3;0n SPOCN
-

LTSN SL Ball g

00r£83 &% "i5.u-

GbiS-

Ty tadsasly

43k Kaep.moy

Jiuiuii

BN 0a LI, ube

SIudanY w23

Q3isl

SSYIING S1 P4PY Stu,

00v-€80 ¥4 *(61G-0-9L-71ul0n
06118-% 330

LI T

'3 todesy.Q

cg '4ddudg
43fR £aepurny 3iyjulg
VLY FEVUE P E BN

Siudusnd ufiL

T ATPET VES- BN E L S V- B P —
SHRUUCT LR BuVA ey Lahoulb L ode o sead Ll

30 S3WrLT, AL RTT RN DR Ll S ¥ —
SAEN [ Jay Pul bLE, FPLLE AL SBT3 %aL a7 T PRI
SO0 Byl My R LLE APLLP Lotk de meT L Poui_a,

J1U36dN3 @ LM DAPLBSTT ASm LlF T PTOAIR TRPUALLIa gLl —

AROQR SP ik, ALu00 @r Pk fLisLan willl abdu

— —

“COv-£30 &N (6 .0-3-9
“PISCON 33P43IU0T L80ur (TAPEcdy EATY L 0.
4D, DU Th . 5- 3l 3iD Y4BT 43 = _
90,30 313 40 BAIPEaLy e -
t....r.< s u.w .m..nw.n,u i fewluidly
TaTn L

21-i8-."
FRMRH

WOLINILIS U] JiwTFalcuRdln

THOLIIA4.D BuiaRaQ Pul DuTa4uad —
SSPAWO) DuR LA wody PILTAHP.) Buam uOLuF .0 .?:u
$0 $324M05  AQ @5 e3§p puP w2ilP4T (0D LT S, _
SIPNIIUL PuP RIRP AR4 P By 5ATa3S3P .77 Sia
=0J4d Bui0L-0A-pImCT @ FuP KPu.p Su,um5eay aw .f.. L. _

JIUBINT @ LM DIALISGO Aedm Ui D (PS3AIT 3Pud.iTa Fud
3A0Q@ SPL3Ly A313013 PUE FliSuap WC310G SP3U By,

“00r-€80 v (I61D--9
“v 000N 37RJ43U0T 43DUN WD4PISAY [PATY ,0 31,,0 a3
404 PU® DB|18-9/ 30 3uBJT 43EUN LCLIFTUrOy F3.ALDG
LRUOLIPN 343 4Oy [AUBCAUg (86 FuPrald, 53T2. pe
THY T puR *04Rsy,Q '3 T4@dudeS ¥ F7 SNT1Ly'wi5E0
JUNLVYIdW3L ONY INIBYD INIYTE TYSSATY SYallvH
IHL NO INIWINIEXT ¥IAVT AWICNASS S1enT ing

21-15-10un
uOLINILISUT Juydeslonedz)y 3ty 2
.
. -



